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Introduction
Silicon force sensors with piezoresistive strain gages for measuring forces smaller than 150 N have been presented in
literature ([1],[2],[3],[4]). However, micromachined silicon force sensors for loads up to 10 kN are found very rarely. Only in
[5] a micromachined 10 kN silicon force sensor is presented in which the change in capacitance is a measure for the total
force. In this paper, a new 10 kN silicon force sensor is presented in which the force is measured by compressing a poly
silicon strain gage. The method of compressing a strain gage was also shown in [6] for a 118 mm round metal force sensor
with a zeranin strain gage deposited on a hardened steel plate. This gage is compressed by a plate on which the maximum
force of 500 kN is applied. The change in resistance is a measure for the total force. New in our design is that it is made of
silicon, it is compensated for the temperature coefficient of resistivity and for in plane stretching and bending stresses in the
chip. Besides, the force distribution can be measured so that it can be detected whether the sensor has an oblique load or not.
Operation
The layout and package of the chip are shown in figure 1 and 2 respectively. Two boron doped poly silicon strain gages are
deposited on the chip. Gage 1 is directly loaded with ceramic pressing blocks that pass through the applied force. Gage 2 is
located in grooves in the substrate, next to gage 1, and is not directly loaded with the force. It can be derived that the ratio of
resistances of both gages is given by
( ) totFTTKKR
RR
R
R
)(11 010
2
21
2
1 -++=+-= a , (1)
where totF  is the total force, T  the temperature, 0T  the room temperature, 0K  a constant that equals one if both strain have
the same resistance, 1K  the sensitivity coefficient at room temperature and a  the temperature coefficient of sensitivity. As
both resistances are subtracted in this relation, it has been compensated for the temperature dependency of resistance and for
in plane bending and stretching stresses in the chip (see figure 3). These stresses are present, because the surfaces of the
silicon chip and ceramic pressing blocks do not exactly fit. The relation shows that the ratio is independent of the force
distribution on the chip. However, in order to determine the force distribution, each resistance is divided into 16 small
resistances (see figure 4).
Measurements
Hysteresis measurements were done at temperatures between 20 and 50 °C. The results at room temperature are shown in
figure 5. Hysteresis in this plot is within ±0.17 % of the fso (full-scale output). From these experiments the constants in (1)
were determined giving an interpolation error within ±0.6 % of the fso. Finite element simulations show that 1K  can be
predicted to within 0.5 %. A more accurate interpolation polynom was developed so that the interpolation error could be
reduced to ±0.35 % of the fso. Creep after 30 minutes loading appears to be within 0.18 % of the fso. The force distribution
on the chip is shown in figure 6.
Conclusions
A 10 kN micromachined silicon force sensor has been designed and tested in an operating range of 20 to 50 °C. It is shown
that the output is independent of the force distribution. Besides, in the output it is compensated for the temperature coefficient
of resistivity and for in plane stretching and bending stresses in the chip. The force distribution can be measured so that it can
be detected whether the sensor is obliquely load or not. The overall accuracy is within ±0.35 % of the fso. Theory and
measurements are in fair agreement.
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figure 1: Layout chip.
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figure 3: Stretching and bending stresses in the silicon chip.
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figure 4: Electrical equivalent of sensor structure.
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figure 5: Hysteresis at room temperature.
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figure 6: Force distribution on the chip (measured at 16 places).
